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LAUNCS ABORT PHILOSOFXY FOR MANKTD SPACE FLIGRTS" 

By Charles T .  Hyle, 
Manned Spacncraft  Center, Houston, Texas 

INTRODUCTION 

Since t h e  launch phase i s  p o t e n t i a l l y  t h e  most dangerous p a r t  of  any 
manmd space f l i g h t ,  much premission effor t ,  i s  expended i n  insw:ing t h a t  an 
adequate crew warning technique and escape capab i l i t y  e x i s t  from t h e  l a a x h  
vehic le .  A sound launch abor t  philosophy i s  thus  obt;j.ii.ed by def fn ing ,  f o r  
any contingency, t h e  crew warning technique, t h e  method of  escape from t h e  
launch vehic le ,  and t h e  crew landing 1ocat.i.m f o r  r a> id  recovery,  as out- 
l i n e d  i.n f igu re  1. 

LAUNCH ABORT PHILOSOPHY FOR 
MANNED SPACE FLIGHTS 

OBJECTIVES 

ADEQUATE WARNING 

METHOD OF ESCAPE 

RAPID RECOVERY NASA-S-67d204 

Figure 1.- Launch abor t  philosophy f o r  manned space f l i g h t s .  

ABORT PHILOSCPHY PROCESS 

Since Pro jec t  Mercury, t h e  increased c a p a b i l i t i e s  of  both t h e  launch 
vehic les  and spacc-.crafY; have brough s i g n i f i c a c t  charigcs i n  some of t h e  abort  
methods used; however, t h e  attainmmt o f  a s o m d  abor t  philosophy or plan  
has  remained b e i i c a l l y  t h e  same and can be depicted as i n  f igu re  2. 

%resented a t  t h e  Astrodynamics Conference h e l d  December 12 ,  13 and 
1 4 ,  1967, at t h e  Manned Spacecraf t  Center, Houston, Texas. 
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Figlire 2.- Launch abort philosophy process .  

I n  genera l ,  t h e  process may be describe?. o.s fol lows:  The desigrled 
hardware cf t h e  spacecre^t and launch vehic le  and mission c o w  train:.:+ or 
objec t ives  are ?!sed as a b a s i s  for simulated abor t  f x a J e c t o r i e s  t o  inves- 
t i g a t e  en t ry  condi t ions , t i m e  requirements, lan(?.i=.g po in t s ,  e t c .  Through- 
out t h i s  Frocess t h e  crew, fli.&'it cont ro l ,  s a f e t y  personnel ,  an6 o ther  
respons ib le  group:; review, d iscuss ,  and modify t h e  s imulat ion results iunt i l  
all. p a r t i e s  a r e  sa t i s f fLed .  The t o t a l  abor t  l ' lan f o r  a. p a r t i c u l a r  Riss ion 
eventua l ly  cons i s t s  of several de t a i l ed  docume:its , each concern?.?. with s, 
p a r t i c u l w  re spons ib i l i t y  bu t  all- founded on t h e  same assumpt:on;r;. Among 
t h e  doclanents vhich most c lose ly  re f lec t .  +he t o t a l  abort  philoscphy a r e  
t h e  "Mission Rules" , t h e  "Abort an-? 'Ilterilati: ? l iss ion Report" , t h e  " C r e w  
Procedures Manual" , and t h e  "Fl ight  L i m i t s  2ocment" .  

THE ROLE OF TFblJECTORY ANALYSIS 

Because cf t h e  important inf luence of  t r a j e c t o r y  s imulat ion i n  t h e  
abor t  philosophy i;roc.;ss, t h e  remainder of  t h i s  paper l i i l l  b r i e f l y  compare 
t h e  t r a j e c t x r y  ana lys i s  done f o r  the Mercwy, Gemini, and Apollo programs. 
The p r i n c i p a l  sys texs  t o  be  simulated are those  of t h e  Mercury, Gemini, 
and Apollo space:!raft and $he associated propuls ion c a p a b i l i t i e s ,  as s h m n  
i n  f i g u r e  3. Major differences between t h e  spacec:m% t h a t  a f f ec t ed  t h e  
ana lys i s  were (1) t h e  Mercuyr m d  A.pollo spacec ra f t  were equipped with ,an 
escape tower and t h e  Gemixii spacecra:E had e j e c t i o n  s e a t s  and ( 2 )  t h e  li.f't, 
o r b i t  naneuver, and onbo5.x-d computing sapab i l i t :  t3s of t h e  Gemini and Apollo 
spacecraf t  were not  ava i lab le  on the Mercury spacecraf't . 
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Figure 3.- Spacecraft escape systems. 

The kind.s of environinent from which t h e  gi:rt-:n hardwsre - i . e .  ¶ space- 
c r a f t  - m u s t  provide a sa fe  escape i s  determined l a rge ly  by t h e  planned, or 
nomina.1 ¶ 

s c r i b i n g  
tude and 

- 
launch t r a j e c t o r y .  
such t r a j e c t o r i e s  a re  i n e r t i a l  ve loc i ty  , f l igh t -pa th  angle ¶ a l t i -  
dis tance down range, as shown i n  f igu re  4(a)  and ( b ) .  

36 - 

Probably t h e  most meaningful parameters de- 

MERCURY - 
-- GEMINI --- APOLLO 

PATH 16- 
ANGLE, 
Y;, DEG 12- 

4 -  

0- 
-4 

0 1 6 8 10 i 2  114 lk l’8 i0 i2 2h ;&lo3 
INERTIAL VELOCITY, Vi, FPS 

( a )  Flight-path angle versus ve loc i ty .  

Figure 4.- Typical manned mission launch t r a j e c t o r i e s .  
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(b )  Al t i tude  versus range. 

Figure 4.- Typical manned mission launch t r a j e c t o r i e s  - Concluded 

The poin t  at which t h e  t r a j e c t o r y  e x i t s  t he  sens ib l e  atmosphere i s  
important s ince  malfunctions occurring af terward a r e  less  t i m e  c r i t i c a l .  
That i s ,  s t r u c t u r a l  breakup with t h e  assoc ia ted  overpressure and f i r e  haz- 
a r d  i s  less probable s ince  aerodynamic loading o f  t h e  s t r u c t u r e  has  de- 
creased r ap id ly  after t h i s  point .  It i s  a l s o  noted t h a t  t h e  Saturn launch 
vehic le  i n s e r t s  t h e  Apollo spacecraf t  w e l l  down range of  t h e  Mercury and 
Gemini vehic les .  

Abort s imulat ions a r e  then made using these  t r a j e c t o r i e s  as i n i t i a l  
condi t ions and u t i l i z i n g  ava i lab le  spacecraft propuls ion systems f o r  sep- 
a r a t i n g  t h e  spacecraf t  from t h e  launch vehic le .  The r e s u l t i n g  separa t ion ,  
e n t r y ,  and landing c h a r a c t e r i s t i c s  are  then  evaluated with respec t  t o  t h e  
known cons t r a in t s  and objec t ives .  

The f i n a l  outcome of t h i s  e f f o r t  i s  t h e  d e f i n i t i o n  of t h e  abor t  modes. 
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LAUNCH ABORT MODES 

Since a s a f e  escape procedure m u s t  be  Frovided thrcughouT t h e  launch 
phase,  and s ince  t h e  escape tower or e j e c t i o n  seats me  adequate only f o r  
t h e  atmospheric po r t ion ,  add i t iona l  n.ethods, or modes, of  abor t  mus5 be 
es tab l i shed .  
use t h e  inifiimx~. n lmker  c.f s y s t e m ,  end be cocsis%ent  with crew perfo;:r,ance 
and system seqlAenzing as w e l l  a s  insure  r a2 id  recovery. 
considerat ions , during abort  t r a j e c t o r i e s  s imulated from t h e  nominal tra- 
j e c t o r i e s  r e s u l t e d  i n  t h e  abort  r?.ode d e f i n l t i o n s  ss shown i n  figilres 5 ,  6 ,  
and 7. I n  genera l ,  mode I u t i l i z e s  the  escape tower or e j e c t i o n  seats t o  
perform t h e  t ime c r i t i c a l  escape from an impending launch vehic le  explosion 
during atmospheric f l i g h t .  
t h e  atmosphere where t h e r c  i s  l i t t l e  chance of a launch vehicle  explosion.  
It cons i s t s  simply of  a separn t ion  from t h e  launch vehic le ,  foliowel! by 
o r i e n t a t i o n  t o  en t ry  attitii.de and an uncontrcjlled landing i n  t h e  Atlar l t ic .  

The prime objec t ive  of t h e  safe escape d.ictat,es t h a t  t h e  mode 

Adherence t o  t h e s e  

A mode I1 abor t  m a y  t a k e  ;)lace af%:xr e x i t i n g  

Figure 5 .  - Mercury launch abor t  modes. 
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A s  t h e  f l i g h t  prcgresses  and the  i n e r t T a l  ve loc i ty  inc reases ,  t h e  t ime 
i n c r e m n t  between lau-lch vehic le  cutoff and a re t rograec  maneuver beromec 
an e f f e c t l v e  means of controlling the  spacecraf t  l acd ing  po in t .  This launch 
abort  technique i s  r e fe r r ed  Cy0 as a mode 111 abor t .  

Should a contliigency arise i n  the  last  fev seconds of  a Gemini or 
Apollo launch phase,  when trajecto:?- conditions a r e  s t i i l  s u b o r b i t a l ,  s't 
becomes poss ib le  f o r  t h e  opacec?-aft propulsion system t o  provide t h e  t r ans -  
i t i o n  t o  an o r b i t a l  s tate.  Such a procechre, mode I V ,  i s  not an abort  i n  
t h e  s t r i c t  sense of t h e  word i n  t h a t  it does r,ot produce an immediate re- 
t u r n  of  t h e  crew t o  e a r t h .  Since i n i t i a t i o n  of e i t h e r  of t h e  o ther  two 
f e a s i b l e  abor-t, modes i n  t h i s  f l i g h t  regime could r e s u l t  i n  a wide ran,ze of 
undesirable  ?anding loca t ions  a primary advantagc of t h e  mode I V  procedure 
i s  t h a t  it provides landing s i t e  s e l ec t ion  oppor tuni t ies .  I n  o ther  words 
c 7 . f t t ? - r -  obtai::.ing an o r b i t a l  s t a t e ,  the crew may traw-l through p a r t  of a 
revolu t ion  u n t i l  a des i red  landing area i s  apprcacked, and then  p e r f o m  t h e  
usual  en t ry  naneuver. If s u f f i c i e n t  p r o p e l l x t .  ::emains a f t e r  t h e  t r a n s i t i o n  
maneu-3-er and t h e  o r i g i n a l  contingency does not requi re  fl ight.  terminat ion 
mission ob,jectives can s t i i l  be  accomplished. 

Determiiiing t h e  switchover c r i t e r i a  from one abort  imde t o  another i s  
a l s o  an im2ortizc': p a r t  of t h e  ,?nalysis. Note t h e  Gemini switchover c r i t e r i a  
shown i n  f i g w e  6. 

//p&- ORBIT 

(25.2K FPS)' 

. 

Figure 6.- Gemini launch abort  modes. 
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Figure 7. - Apollo launch abort  modes. 

The mode I abort  u t i l i z e d  e j ec t ion  s e a t s  f o r  abor t  condi t ions up t o  
an a l t i t u d e  of 15 000 ft. 
s a f e t y  a f t e r  t h i s ,  another mode w a s  required.  
t h e  re t rorockets  i n  t h e  d i r ec t ion  o f  t r a v e l  provided the  separa t ion  tech- 
nique which become mode 11. 
heatshield-forward en t ry  a t t i t u d e  for a simple f r e e  f a l l  i n t o  the  At l an t i c  
with no cont ro l  over t h e  landing point .  
w a s  based on t h e  landing point  cont ro l  ava i l ab le  a t  t h e  higher  v e l o c i t i e s .  

Since t h i s  mode would have jeopardized crew 
The s impl i c i ty  of f i r i n g  

Following separa t ion  t h e  crew or ien ted  t o  a 

The switchover from mode I1 t o  I11 

The mode I11 t o  mode I V  switchover w a s  based on t h e  des i r e  t o  avoid 
African landings and on the  capabi l i ty  of  t h e  spacecraf t  t o  ob ta in  an 
acceptable  o r b i t  from t h e  abort  f l i g h t  condi t ions.  

THE INFLUENCE OF LANDING P O I N T  CONTROL 

A t  t h i s  po in t  it becomes appropriate  t o  discuss  t h e  r o l e  of landing 
More s p e c i f i c a l l y ,  how landing poin t  con t ro l  on t h e  launch abort  modes. 

po in t  cont ro l  d i c t a t e s  t h a t  a mode I11 abort  should be  i n i t i a t e d  r a the r  
than  a mode 11, or a mode I V  abort  i n s t ead  of a mode 111. 
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Since t h e  Mercury, Gemini, and the Apollo spacec ra f t s  r equ i r e  w a t e r  
landings f o r  s t r u c t u r a l  as w e l l  as rapid recovery cons idera t ions ,  it i s  
very d e s i r a b l e  t o  have t h e  abor t  modes produce landings i n t o  t h e  A t l a n t i c  
Ocean. However, as o r b i t a l  v e l o c i t y  is approached, it became impossible 
f o r  t h e  fixed-impulse e n t r y  systems of Mercury and Gemini t o  produce t h e  
necessary braking t o  land  s h o r t  of Africa i n  t h e  At l an t i c .  Reca l l ing  t h a t  
a node III = b o d  u t i l i z e d  a time increment from launch veh ic l e  shutdown t o  
a re t rograde  maneuver, we can examine with t h e  a i d  of f i g u r e  8 t h e  e f f e c t s  
on landing range of a minimum and maximum time increment. The minimum time 
delay increment i s  t h e  l e a s t  amount of time i n  which t h e  crew can perform 
an e n t r y  maneuver following a launch vehic le  shutdown. The m a x i m u m  delay 
time i s  t h e  longest time t h e  crew may w a i t ,  following launch vehic le  shut- 
down, t o  perform t h e  en t ry  maneuver and s t i l l  have time t o  g e t  r i d  of t h e  
r e t r o t h r u s t  equipment p r i o r  t o  atmospheric en t ry .  

- 
- 

- 

- 
- 

- 

- 

c 

MERCURY RETRO DELAY 
MAX MIN --e- GEMINI ---- APOLLO 

MAX M~N/ / 

INS 
! 
i IV 

I 
I 

li" 
1600 

2i.4 23.8 24.2 24.6 25.0 25.4 25.8~10~ 
I 1 1 1 I 1 I I 1 I I I 

INERTIAL VELOCITY, Vi, FPS 

Figure 8.- Abort landing point con t ro l  throu.gh r e t r o  delay. 

It i s  noted f ron  t h e  f igu re  t h a t  t h e r e  i s  l i t t l e  u t i l i t y  i n  doing a 
mode I11 abort  at t h e  lower v e l o c i t i e s  s ince  t h e  minimum and maximum land- 
i n g  po in t s  are  so close toge the r .  A s  t h e  i n e r t i a l  ve loc i ty  inc reases ,  how- 
ever, t h e s e  two procedures e x h i b i t  a very use fu l  c h a r a c t e r i s t i c  by producing 
widely separa ted  landing po in t s .  

This i n t e r e s t i n g  c h a r a c t e r i s t i c  allows, with t h e  a ide  of f i g u r e  8, 
t h e  accomplishment of t h r e e  important ob jec t ives  . S t a r t i n g  at t h e  Vest 
African coast , connecting t h e  minimum and m a x i m u m  landing poin t  curves and 
then  dropping at a constant ve loc i ty  t o  t h e  minimum curve,  and r epea t ing ,  
a g raph ica l  "stair s tep" can be drawn down t o  t h e  lower v e l o c i t i e s .  
r e s u l t s  are: 

The 
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1. A minimum number of recovery areas  - sh ips .  

2. The m a x i m u m  probabi l i ty  t h a t  an abort  w i l l  l and  s h o r t  of Afr ica .  

3. One simple technique which provides a s a f e  abort  mode f o r  a con- 
t inuous range o f  v e l o c i t i e s  o r  f l i g h t  condi t ions.  

The a c t u a l  time delay f o r  a mode I11 maneuver t o  land at a des i red  
recovery a r e a  i s  computed and relayed by t h e  ground t o  t h e  spacecraf t .  A 
mode I1 o r  uncontrol led landing point abort  would, t he re fo re ,  be i n i t i a t e d  
f o r  any contingency up u n t i l  t h e  launch vehic le  had a t t a i n e d  t h e  ve loc i ty  
t o  provide an a rea  B landing. For aborts at v e l o c i t i e s  higher  than those  
t o  l and  i n  t h e  At l an t i c ,  t h e  Gemini spacecraf t  with t h e  OAMS tanked f o r  
rendezvous, w a s  capable of t h rus t ing  i n t o  an acceptable o r b i t  - mode I V .  
Because of t h e  l a r g e  propuls ive c a p a b i l i t i e s  of  t h e  Apollo spacec ra f t ,  t h e  
mode I1 abort  w i l l  be used f o r  launch vehic le  cu to f f s  p r i o r  t o  ground- 
p red ic t ed  African landing and a mode I V  maneuver w i l l  be performed f o r  t h e  
h igher  ve loc i ty  abor t s .  Typical launch abort  landing areas  a r e  shown i n  
f i g u r e  9 f o r  a Gemini rendezvous f l i g h t .  

GEODETIC 
LATITUDE, 
+dl DEG 

WY117.7131 

NORTH 

t 
SOUTH 

40 

20 

0 

20 

40 
90 60 30 0 1s 

WEST EAST 
LONGITUDE,A, DEG 

Figure 9.- Typical Gemini launch abort  recovery 
areas f o r  a rendezvous mission. 
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THF INFLUENCE OF NON-NOMINAL LAUNCH TRAJECTORIES 
c 

? 

, 

We have now shown t h a t  t h e  spacecraf t  components can be  used with 
simple techniques t o  provide s a f e  crew escape modes and r a p i d  recovery 
throughout t he  nominal launch environment. Since many f a i l u r e s  can r e s u l t  
i n  non-nominal f l i g h t  condi t ions ,  the abprt  modes and procedures must be 
adequate when i n i t i a t e d  from a launch vehic le  which is  devia t ing .  

Essen t i a l ly ,  t h e r e  a re  two types of  launch vehicle  devia t ions .  The 
f irst  type includes those malfunctions which r ap id ly  l ead  t o  cas t a s t roph ic  
r e s u l t s .  The t i m e - c r i t i c a l  na ture  c f  t h e s e  malfunctions r equ i r e  t h a t  t h e  
crew or an automatic system i n i t i a t e  t h e  abort  based on an observed o r  
sensed v i o l a t i o n  of  pre-establ ished l i m i t s .  
delays along with evaluat ion time requirements e l iminate  poss ib l e  ground 
he lp  i n  making such abort  decisions.  The automatic abort  systems were p r i -  
mari ly  fo r  t h e  extremely t ime-c r i t i ca l  aborts  poss ib le  up throzgh t h e  max- 
i m u m  dynamic pressure region. These automatic systems f o r  t h e  respec t ive  
manned programs were 

Radar and te lemetry t ransmission 

1. Mercury - abort  sensing and implementation system (ASIS). 

2. Gemini - malfunction de tec t ion  system (MDS). 

3. Apollo - emergency detect ion system (EDS). 

Vehicle a t t i t u d e  r a t e s  and t h r u s t  chamber pressures  a r e  t h e  primary 
q u a n t i t i e s  used t o  t r i g g e r  t he  automatic abor t .  The f l i g h t  crew would 
i n i t i a t e  a manual abort  a f t e r  observing excessive a t t i t u d e  rates , a t t i t u d e  
e r r o r s  , t o t a l  a t t i t u d e  dispers ions , or angles of  a t t ack .  The automatic 
systems, complemented by t h e  crew using onboard d isp lays ,  window views, 
and physiological  cues,  comprise an adequate "system" f o r  contending with 
r a p i d  launch vehicle  devia t ions .  This f a c t  i s  a s s e e d  by computer simula- 
t i o n  of t h e  most probable vehic le  f a i l u r e s  i n  order  t o  e s t a b l i s h  t h e  re-  
qu i red  l i m i t s  f o r  t he  automatic 'and manual abort .  For t h e  most p a r t  , t h e s e  
r a p i d  deviat ions such as an engine hardover,  would r e s u l t  i n  a mode I abor t ;  
however , during t h e  launch phase, the  ground, through t r ack ing  information , 
advises  t h e  crew when they e n t e r  each of  t h e  abor t  regions t o  in su re  t h a t  
t h e  co r rec t  mode i s  used. 

The malfunctions whose e f f e c t s  a r e  not immediately obvious t o  t h e  
crew m a y  be r e fe r r ed  t o  as  slow deviat ions.  I n  genera l ,  t hese  are due t o  
a t t i t u d e  reference or guidance f a i l u r e s  and a r e  not near ly  so time c r i t i c a l .  
The r e s u l t s  of such malfunctions usual ly  show up on the  ground monitoring 
d isp lays  as deviated f l i g h t  conditions compared t o  those of t h e  nominal. 
t r a j e c t o r y .  I n  order  t o  provide the  crew with the  required abort  dec is ion ,  
t h e  ground con t ro l l e r  m u s t  know the ex ten t  t o  which he can allow t h e  tra- 
j ec to ry  t o  deviate  before t h e  ensuing abort  procedure could v i o l a t e  a crew 
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or spacecraf t  cons t r a in t .  Such cons t ra in ts  as e n t r y  
or crew procedure time requirements, e t c . ,  allow t h e  
slow devia t ion  t r a j e c t o r y  cons t ra in ts .  A comparison 
and .9.pollo ground abort  decis ion boundaries i s  
i n  f igu re  10. 
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Figure 10.- Ground cont ro l  display cons t r a in t s .  

Typical cons t r a in t s  and t h e  p ro tec t ive  boundaries a re  shown i n  f ig-  
ure 11 f o r  a Gemini launch display. 
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Figure 11.- Typical launch abort ground d isp lay  l i m i t s  f o r  Gemini. 
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The las t  few seconds of a launch a r e  p a r t i c u l a r l y  c r i t i c a l  i n  t h a t  
t h e  ground m u s t  advise t h e  crew at launch vehic le  cu tof f  whether t h e  tra- 
j ec to ry  w a s  s a t i s f a c t o r y ,  Go, or whether a mode I11 or  mode I V  w a s  requi red ,  
N o  Go. This important decis ion i s  f a c i l i t a t e d  l a rge ly  through a ground 
display such as f igure  12. The decision is  the re fo re  r ead i ly  ava i l ab le  
once t h e  boost t r a j e c t o r y  p l o t t i n g  pen s tops  t o  t h e  l e f t  o r  t o  t h e  r i g h t  
of t h e  curved decis ion l i n e s .  The f igure  compares t h e  in se r t ion  region 
f o r  t h e  t h r e e  programs by showing the mode I V  regions f o r  Gemini and Apollo 
compared t o  t h e  simple G o  or No Go c u r v e  of Mercury. It i s  noted t h a t  
Mercury and Gemini used 1 . 5  revolutions as t h e  Go-No Go c r i t e r i a  and mode I V  
requirement while Apollo uses a more conservative 75-n. m i .  minimum perigee.  
A dispersed t r a j e c t o r y  cutoff  i n  t h i s  region may r equ i r e  preplanned decis-  
ions fo r  fast response t o  questions o ther  than  t h e  Go-No G o .  Some of these  
o ther  decis ion areas a r e  shown i n  f igure 13 f o r  t y p i c a l  Apollo t r a j e c t o r y .  
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Figure 13.- Near i n s e r t i o n  abort decis ions f o r  Apollo. 

CONCLUSIONS 

A b r i e f  descr ip t ion  o f  some of t h e  processes involved i n  assuring a 
sound launch abort  philosophy f o r  the Mercury, Gemini , Apollo programs has 
been presented. I n  p a r t i c u l a r  t h e  connective r o l e  of t r a j e c t o r y  ana lys i s  
i n  defining escape modes and providing ground d isp lay  l i m i t s  has been 
emphasized. Because continuous e f f o r t s  at  improvement have subs t an t i a t ed  
previous program techniques,  a high l e v e l  of  confidence has been e s t ab l i shed  
i n  t h e  launch abort  philosophy. 


